Introduction
In an earlier work Tolansky (1932) reported measurements for the hyperfine structures of 18 lines of the arc spectrum of bromine. Although resolution was incomplete in every line, it was possible to prove th at both the bromine isotopes 79 and 81 have the same nuclear spin, f, and have practically identical nuclear magnetic moments. In carrying out the hyperfine structure term analysis at th at time, use was made of the interesting graphical method proposed by Fisher and Goudsmit (1931) and thus approximate hyperfine structure interval factors could be derived. At the time this work was done the existence of deviations from the interval rule was not suspected. Any such deviations destroy the validity of the Fisher-Goudsmit method of analysis. The frequent occurrence of nuclear electrical quadrupole moment leads one to suspect th at there may be deviations from the interval rule in many spectra; hence we have undertaken a new and more complete examination of the hyperfine structures of the lines of Br 1.
The measurements reported here are more extensive and more accurate than those previously given. We have measured the structures of 76 lines extending from the infra-red at 8700 A down to 4390 A. All the principal lines in this region have been measured and, with very few exceptions, the structures have been completely accounted for. The results obtained here are much more accurate than those given earlier for the following reasons:
(1) The modified source is much more intense.
(2) I t is cooled, giving sharper lines.
(3) In place of the single Fabry-Perot previously available (with one thickness of silvering) we have used various silvered Fabry-Perot inter ferometers, similar interferometers coated with aluminium, and a highquality quartz Lummer plate.
(4) The camera focal length used now is 125 cm., that of the earlier instrument being only 50 cm.
(5) Much more rapid plates are now available, particularly in the infra-red region.
H yp erfin e structure in the arc spectrum o f brom ine [ 366 ] As a result of these improvements the structures in many lines have been completely resolved, and we have not only been able to determine the interval factors for 38 terms, but have also demonstrated the existence of deviation from the interval rule in a t least one of them. This is almost certainly due to the existence of nuclear electrical quadrupole moment, the value of the latter being approximately the same for both isotopes.
Experimental
As shown in the earlier paper by Tolansky, the Br i spectrum can be excited in bromine vapour by means of an electrodeless high-frequency discharge. High-frequency oscillations were generated by a 250 W ther mionic valve designed to operate upon short wave-lengths. Care was taken in the lay-out of the circuit in order to avoid losses. The high-frequency field was applied by means of external electrodes of copper foil to a glass tube. With the type of tube used maximum intensity of emission was found when the wave-length was of the order of 15 m. With so active a material as bromine the absence of internal electrodes is an advantage. The discharge tube was part of a vacuum circulating system which had charcoal and liquid-air traps in the circuit. A continuous stream of pure bromine was circulated through the discharge tube during the exposures. This was supplied from a side limb, which contained an ample supply of the material, cooled with a mixture of solid carbon dioxide and alcohol until the vapour pressure was of the order of 1 mm. The pressure was critical and, if not correct, Br2 bands appeared in the emission spectrum. The circulation of the gas was essential, for without it hydrogen lines and impurity bands rapidly appeared, due no doubt to the chemical action of the bromine upon the grease on the taps.
The portion of the discharge tube emitting the spectrum was effectively cooled by directing on to it a strong blast of air. Air cooling avoids the difficulties associated with the introduction of earthed water around a fairly unstable high-frequency discharge. The source was very brilliant, the stronger lines being photographed through the interferometers in a few seconds. With the long exposures required for the weaker lines (there are very wide,ranges in intensity, and some of the weak lines have weak components) a reduction in accuracy was brought about by the faint Br2 bands which came up with exposures exceeding 2 hr. The bands make a practically continuous background (only with the long exposures) and so reduce effective resolving power for the lines which are quite weak.
The high resolving power instruments used were variable gap FabryPerot interferometers coated by evaporation in vacuo either with silver or aluminium, and a 20 cm. long quartz Lummer plate by Hilger. The inter ferometer was in each case introduced into the parallel beam of a constant deviation glass spectrograph. This was built in this Laboratory, and as the camera focal length is 125 cm. a large dispersion results, particularly with the Lummer plate. The high resolving power attained and the narrowness of the fringes are illustrated in figure 1. 
S. Tolansky and S. A. Trivedi

Observations
The observed hyperfine structures are given in table 1. The wave lengths and allocations of the lines are taken from the exhaustive paper of Kiess and de Bruin (1930) on the analysis of the multiplets jn the B ri spectrum. The structures are given in units of cm._1x 10-3, and beneath each component is the visually estimated intensity. Blends are indicated by the binding of components with a hyphen, and where the optical centre of gravity of an obvious complex has been estimated, an approximation sign is placed above this measurement. The numeral I in the last column indicates good resolution of individual components and a high order of accuracy in measurement (errors mostly of the order of 1 cm."1 x 10"®). The numeral II implies that the pattern is so intrinsically complex that resolution is unavoidably poor.
The measurements for a nunlber of unclassified fines, and lines of the Br 11 spectrum are given in another table later.
Analysis of the structures
The nature of the transitions studied here is very comprehensive. Many terms are involved so frequently (for example, the deepest term occurs in ten of the transitions) that ample opportunity is afforded for checking the proposed interpretations. In very few cases only no check is available. Apart from these, the term structures derived from different lines are in excellent agreement.
Tolansky has already proved th at the spins of both the bromine isotopes 79 and 81 are f and th at the nuclear magnetic moments are practically identical. In no lines have we detected any isotope displacement effect other than the fact th at in many the individual components appear to be broader than expected. Space prevents us from illustrating in detail the full analysis of all the lines we have studied. We have therefore selected from these a number of groups involving common terms in order to indicate the reliability of the analysis.
Consider first the group of A J = transitions, the analysis for which is given in figure 2. I t is clear from the diagram th at the analysis in each line is highly satisfactory, any differences between the observed and predicted positions of the components being of the order of the error of measurement.
With the aid of the structure already evaluated for 6p2Pj th at of 5s2P} can be found from the line 4921. The analysis for this and two other of the lines having 5s 2Pj as a common lower term is shown in figure 3. The last two components in the line 7989 were not fully resolved experimentally, a fact which accounts for the discrepancy in this case. The structures derived for 5 p 2P | and 5p 2D} are valuable f tion of the patterns of lines based upon the im portant 5s 4P |term . A number of striking regular quartet patterns are based upon this as lower term. I t is clear from the similarity of the patterns th a t 5s 4P$ has a quartet structure, from which it follows th a t the nuclear spin for both isotopes is f . As the individual components of the quartets are sharp, there is no isotope displacement, and the nuclear magnetic moments are, as far as can be measured, identical.
Although the quartet patterns are very closely similar to each other, they are not identical, due to the fact th a t the structures in the upper terms, although small, differ considerably. Thus, for the four regular quartet patterns measured here, the AF = 4 -3 separations are respectively 203, 196, 191 and 190 . This fact introduced a certain difficulty in the analysis of these lines previously undertaken by Tolansky. There was at the time insufficient data to show which of these intervals most closely approaches th a t of the term structure. The closest fit into a FisherGoudsmid diagram was taken to give the term structure, since it was not a t th a t time suspected th a t the interval rule might break down. I t will be shown th a t it does actually break down for this term, the consequences being th a t the interval factor previously reported, although of the right order, is in error by 20 %. Figure 4 shows the predicted and observed patterns for three of the quartet lines (the fourth is very faint and only the first two components are measured with an accuracy comparable with th a t of the components of the three lines illustrated). I t is to be remembered th a t the structures of the upper 5p 2P | and 5 p2 D | terms are already fixed. The inter breaks down in the lower term. This will be discussed later.
A striking feature of the hyperfine structures in the Br i spectrum is the fact th a t many of the 4p4 np and 4p* nd configuration terms have very wide structures. This is in accord with the observations of Tolansky upon the analogous arc spectrum of iodine. Figure 5 illustrates the analysis of complex lines in which both the upper and the lower structures are large. (This is also true for the lines illustrated in figure 2 .)
The structures and transitions already illustrated for 11 lines indicate clearly th at there is excellent correlation between the structures derived independently from lines involving a common term, a fact proving th a t the interpretation is correct. I t is hardly necessary to multiply the ex amples already given. Sixty-two of the measured lines have been classified. In a limited number of quartet terms it has only been possible to establish the positions of three out of the four levels. These suffice to give a term interval factor and to show whether or not there is serious deviation from the interval rule. In some cases only two levels have been identified. We have failed entirely to account for the structure of 4643. This is given by Kiess and de Bruin as 5s 2P j-6 p4 Dj. The three lines 7938, 4775, 4399, which have, according to Kiess and de Bruin, a common upper level 5 2Pj (X S), have structures which are anomalous. We shall discuss these later.
Interpretation
In certain cases the line patterns are so narrow and complex th a t it is only possible to arrive a t approximate values for interval factors. Table 2 shows the term hyperfine structures which we have derived. An asterisk implies th a t the values given are accurate. Where the value given is only approximate, an approximation sign is given. A minus sign before the first interval implies th a t the whole structure is inverted, the highest F value lying deepest.
The term interval factors derived from the structures in table 2 are given in the last column. These are of interest. The normal electron con figuration for Br i is 4s2 4 p5, and excitation leads to the con 4s2 4p4 ns, 4 s2 4 p*np, 4 s2 4 series limits which are the SPD terms of the basic ion Br n.* The 6s terms involve lines so far in the infra-red th at no transitions have been observed.
The frequent large interval factors in the 4s2 4p4 5 and 4s2 4p4 6 configurations show that the 4p4 electron group couples strongly with the nucleus. This is in accord with what Tolansky has found for the corre sponding 5p4 electron group in iodine. W ith the exception of the 2P terms, there is no very great difference between corresponding 5p and 6 terms, from which it can be concluded th at the resultant coupling factor of the 4 pAgroup is much greater than that of either the 5 or 6 electron. The 2P terms exhibit an anomalous increase in going from the 5p to the 6 terms. This can be due to configuration interaction, but it is also possible, and indeed more likely, as it occurs in both terms of the doublet, th at there is a change in the nature of the electron coupling, in . moving from 4s2 4p4 5 p2 P to 4s2 4p4 6 p2 P. I t has not been possible to fix the structure of 5s 4P$ with a high degree of accuracy or to show the existence of any deviation from the interval rule in this term. The value given here differs considerably from that given earlier. This will be discussed shortly.
Anomalies in analysis
We shall consider now four lines whose structures cannot be fitted at all into the above scheme which accounts so excellently for the remaining large number. According to Kiess and de Bruin the transitions for the three lines 7938, 4775 and 4399 are those shown in figure 6. We are quite unable to fit these lines into our analysis. I f we assume th a t the allocations made by Kiess and de Bruin are correct, then the structures of the lower terms of 4775 and 4399 are known with certainty from other lines. I t is not possible to fit in any upper term structure with = § unless a t the same time an arbitrary distortion of intensities is introduced. It is clearly possible to arrive a t any pattern by suitable adjustm ent of both intensities and intervals simultaneously but such a procedure has very questionable significance.
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As shown in figure 7 a very good fit for these two lines results if the upper term [given as (X S) 5 p2 P S] is assumed to have a value of of f. This would mean a faulty interpretation by Kiess and de Bruin.
Furthermore, the latter authors have not observed any intercombinations between this term and one with J greater than § so th a t our suggested alteration of the value of J, and therefore of the allocation, is in no way contradicted by the multiplet analysis. The third line involving the doubtful term, 7938, has a remarkable structure, each of the components being very sharp indeed and almost certainly single. The impression is given th a t the line is a transition between terms in one of which the structure is large and in the other very small. However, both the intensities and the intervals are highly irregular. We cannot fit this line either into the proposed scheme in figure 6 or into any other scheme, nor can we invoke any possible isotope displacement effect to account for the structure. No other line involving the lower term has been observed by us. Clearly we can justifiably assume th at one of the terms is strongly perturbed. That being so the classification may easily be faulty.
The remaining line which we cannot interpret is 4643, the classification given for this by Kiess and de Bruin being 6 4Pj-6p 4Dj. Tolansky's earlier value fqr the structure of 5s 4Pf was based upon this line. The structure does not fit with the analysis made for other lines having the lower terms 5s 4Pj. On the other hand, the structure in the line is close to the structure in the 5s 2P ? term. If the line is incorrectly classified, it is a transition between 5s 2Pj and an upper term, as yet not identified, the value of which will be 6843-7 cm.-1. Two other lines remain to be discussed for which we have not adopted the classification given by Kiess and de Bruin. I t is impossible to interpret the lines 4391 and 4765, which have the same common upper term, by taking this common term to-be Ip 4Pj (the interpretation given by Kiess and de Bruin). We can only obtain a fit by adopting a J value § for the upper term. This is unquestionably correct, since recently Lacroute (1935), who has made Zeeman effect observations on Br i terms, has concluded that this term is in reality Ip 2PS. We agree with this interpretation and have adopted it in making the analysis.
Unclassified lines and spark lines
The structures for the following lines of Br n and for unclassified lines have also been measured. The B r n classifications are given by Lacroute (1935) . The units are cm.-1 x 10-3. We are extending our measurements upon the Br 11 lines and will report later on this.
D eviations from the interval rule
In dealing with deviations from the interval rule it is essential to eliminate spurious effects th at can arise from inadequate resolution or only approximately correct analysis. Any such errors leading to a slight dis placement in estimating the position of even a single F level will appear to indicate the existence of deviation from the interval rule. We are therefore confining our examination to the 5s 4P$ term, since the structure in this is large and has been evaluated with certainty from many transi tions. Apart from this term the structures are also known accurately for quite a number of others, but it so happens th at in all but one of these any existing deviations from the interval rule are of the same order as the error in estimating the positions of the levels. Use cannot of course be made of the many accurately determined structures of terms with J = \ since these cannot exhibit deviations from the interval rule.
The distortion is shown in figure 8 . The observed positions of the levels are shown by straight lines and those calculated from the interval rule by dotted lines. The disposition of the Br i terms gives no reason for sup porting th at 5s 4P | suffers configuration interaction which might p distortion. The effect can therefore be attributed to the existence of nuclear electrical quadrupole moment in bromine. According to Schuler and Schmidt (1935) and Casimir (1935) the interaction energy between the angular momentum Jo f a non-spherically symmetrical figuration and the spin I of a non-spherically symmetrica obey the simple cosine law which leads to the interval rule. Instead the where C = F(F + 1) -1(1 + -+1) in which F, and I meanings. In this interaction law a0, a and 6 are constants, a0 being the displacement of the centre of gravity of the hyperfine structure pattern from the position the term would have occupied if the spin had been zero, a is the hyperfine structure interval factor which is a function of the nature of the electron configuration and is also proportional to the nuclear magnetic moment, 6 is a measure of the deviation from the interval rule. The quantity bi s a function of the nuclear electrical quadrupole m and, if the coupling constants of the term have been calculated, it is pos sible in suitable cases to derive a numerical value for the quadrupole moment from b.
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The interaction formula has three constants, and since there are four levels in the term suffering distortion, a check is available upon the validity of the formula. When the calculation is made for the 5s 4P$ term, we find for a, derived from different F combinations respectively (units cm.-1 x 10~3) a = 47-04 mean value a = 47-1 a = 47-10 and for the quadrupole term 6 6 = 0-175 mean value 6 = 0-17. 6 = 0-161
The check is highly satisfactory, showing th at the quadratic formula is obeyed within the limits of observation. This may be taken to prove th a t the distortion is due to nuclear electrical quadrupole moment only. The value of a0 is 223 cm.-1 x 10-3. Hence 2 2 3 + 1 x 47-K7 + 0-17(7((7+1). The term 5p 4Dj is also distorted but as this term structure has only been derived from the measurements made upon one line it is not possible to say with certainty whether the distortions are real or not, especially since the line in question is only partially resolved.
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Summary
Sixty-five classified lines of the Br i spectrum, lying in the region 8650-4350 A have been investigated for hyperfine structure and analysed. I t is confirmed that the nuclear mechanical and magnetic moments of both isotopes are the same. No isotope displacement is observed. Hyperfine structure interval factors are derived for 38 terms amongst which are 7 complete multiplet groups. From the hyperfine structure analysis it has been possible to correct some errors in the multiplet analysis.
The coupling of the 4p4 electron group with the nucleus is shown to be quite large. This group therefore behaves in a manner similar to that of the corresponding 5p4 group of iodine. The 4s2 4jo4 5s 4Pf term exhibits deviation from the interval rule, and this accurately obeys the quadratic formula for the interaction which arises when the nucleus has an electrical quadrupole moment. The inter action formula for this term is E = 223 + i x 47-10 + 0-170(0 +1) cm.-1 x 10~3. 
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Orientation of nuclear spins in metals In recent years, temperatures down to about 1/100-1/1000 degree absolute have been reached by means of the magnetic cooling method. This method, which was proposed by Debye and by Giauque, consists essentially of isothermal magnetization of a paramagnetic substance, followed by adiabatic demagnetization. Kiirti and Simon (1935) have shown that the lowest temperatures which can be reached by this method are proportional to the interaction energy between magnetic dipoles of the substances used. Therefore, in order to reach still lower temperatures, it was proposed by these authors and by Gorter (1934) that the magnetism of atomic nuclei should be used. F. Simon (1939) has recently discussed this idea in greater detail and found that it should be possible to realize it experimentally.
The question now arises of what temperatures can be reached in this way, what times will be necessary and what will be the properties of the nuclear spins at these temperatures.* In this paper we shall investigate these
